Concept of sustainable development (SD) has been in the focus of researchers and policy makers in the last two decades. SD is closely linked to the preservation of environment. This paper focuses on finding Environmental Kuznets Curve (EKC) relationship between economic development and pollution in Croatia. In order to empirically evaluate existence of this curve, data on 21 counties for different pollutants and income per capita has been obtained for the period [2008][2009][2010][2011][2012][2013][2014][2015][2016]. Different specifications of the relationship are observed: linear, quadratic and cubic, with addition of examining whether the Croatia's accession to the EU has made a significant impact on lowering pollution. Moreover, variables in levels and differences have been analyzed in models. Results show that no EKC relationship is found for all pollutants (CO, CO 2 , NO 2 , SO 2 and PM 10 ) and that entering EU had a positive impact on diminishing pollution in Croatia.
INTRODUCTION
With the strongest globalization today and the industry which draws energy resources significantly, there has been an ongoing debate on the concept of sustainable development in the last couple of decades.
Sustainable development is defined as rational usage of all resources which does not diminish total wealth of a country for future generations (Pezzey, 1989; Barbier et al., 1990) . Since the beginning of 1990s, there has been a rise of research which finds empirical evidence on economic development having a positive effect on environment protection in the long run. A relationship has been discovered between economic development and environment pollution, known under the name Environmental Kuznets Curve, EKC (Kuznets, 1955) . Selden and Song (1994) were the first ones to coin the term EKC. The original Kuznets curve observed the relationship between economic development and inequality. The EKC regarding the environment looks cat the relationship between development and pollution in a similar way. As an economy is developing over time, environment pollution is getting bigger. However, after the economy reaches certain level of wealth (income) per capita, the pollution gets smaller. Thus, sustainable development should not present a problem after the economy reaches certain level of income. Of course, pollution reduction is not a spontaneous consequence of the development (see Arrow et al., 1995; Grossman and Krueger, 1996) . It is a consequence of conscientious measures of economic policies and a higher awareness level of citizens in the country. As country becomes more industrialized over time, the pollution gets higher because environment is not in primary focus at that point. Moreover, as the country gets more developed, leading sectors of the economy become more "clean", regulation of pollution is introduced and people become more environmentally aware. Over the years, there has been a rise in research which tries to examine the EKC relationship both for developed and developing countries.
Based upon the experience of developed countries, trends for developing ones are being forecasted in order to overcome some problems developing countries are facing today. Some of the explanations for the existence of the EKC relationship are the following ones. Costantini and Martini (2006) make distinction between supply side and demand side explanations. Demand side explanations consist of reasoning: when income rises, people are more willing to pay a higher living standard. Thus, from a certain level of income per capita, people are willing to pay more for clean environment compared to the rate of their income growth (clean environment is considered as a luxury good). Supply side is explained in Grossman and Krueger (1995) , based upon scale economics and technology effects.
The focus on the relationship between the economic development and pollution has been more profound from the beginning of 1990s. Since economic development affects the pollution level and its changes over time, the EKC curve is being tested more often, by more sophisticated methods and datasets. Moreover, sustainable development should not present a problem in an economy when it reaches a certain level of development, it is important to obtain information on the relationship between those two variables and to implement better economic policies to achieve best results. By analysing previous research, a scarcity of papers which deal with transition countries such as Croatia can be found. Croatia, as other CEE (Central and Eastern European) countries, has gone through dramatic economic, political and social changes in the late 1980s and early 1990s. Those changes could have made consequences on the environment, among other factors.
In the last 20 years, liberalization of the market and the whole economy, transformation of the economy and other related issues with opening the once socialistic economy has been prolonged. This also had significant effects on different aspects of the economies, including Croatia.
Moreover, Croatia faced many structural and legislation changes due to its accession to the European Union, whose member it became in 2013. Some of the most prominent consequences were the increase of the total wealth and income in the economy, structural changes and relationship towards the environment, especially towards sustainable development. Thus, the purpose of Original scientific paper DOI: /10.5513/JCEA01/20.2.2131 Škrinjarić: Environmental Kuznets Curve in Croatia: panel data approach with Croatian counties... this study is to examine the effects of economic changes in Croatia on environment, by examining existence of the EKC relationship. Previous research which has included Croatia, observed other countries as well (by looking at several CEE countries at once). In that way, panel data was observed and general conclusions were made for a group of countries as a whole. Only two papers until now exist which focuses solely on Croatia, where authors examine only CO 2 emissions on a time series basis. This paper extends the existing research on other pollutants as well and uses data on 21 Croatian counties in order to obtain more insights into the EKC relationship. Consequently, a more detailed discussion on EKC relationship, as well as consequences on economic policy making can be made. Thus, the novelty of this research can be found in analysing the panel data set of Croatian counties for major pollutants (CO 2 , CO, PM 10 , NO 2 and SO 2 ) for the period 2008-2016 for the first time in the literature so better insights into the EKC relationship could be obtained.
There are several reasons on why this research focuses on 5 different pollutants and the county level of analysis.
Firstly, there are some regional differences between the level of pollution of different pollutants, due to county being mostly focused on e.g. industry or it being a tourist attraction. In that way, different levels of pollutants can be found by comparing the counties over time. Next, by observing the panel data approach, by combining the spatial and time aspect of the analysis, more data gets available for the analysis (statistical reasoning).
Moreover, the panel approach enables obtaining specific county effects due to differences between them on the economic basis, population density, air pollution levels (e.g. countries with refineries compared to those which do not have heavy industry). Since some of the counties heavily rely on manufacturing and pharmaceutics 
Previous research
Since research on exploring EKC relationship is rapidly growing over the past couple of decades, this section focuses on initial papers which have started the debate, as well as most recent ones which explore countries similar to Croatia. Formal name of EKC curve is derived after S. Kuznets and his famous hypothesis of an inverted U-shape of the curve describing the relationship between income and inequality (Kuznets 1955) . Popularization of the relationship between income and pollution has begun with seminal work of Grossman and Krueger (1991) , Shafik and Bandyopadhyay (1992) and Panayotou (1993) . Grossman and Krueger (1991) was the first empirical study on EKC relationship, where authors observed NAFTA countries. Shafik and Bandyopadhyay (1992) research results had a great impact in literature, due to their results being published in the World Development Report (IBRD 1992) . However, lot of research has appeared which looks at the methodological part critically (see, for example, Arrow et al., 1995; Stern et al., 1996) . A summary of relevant research is shown in Tables 1-5, where time span, observed units and pollutants, as well as the main results with some remarks are shown. Thus, majority of the research from this era usually finds the inverted U shape which EKC assumes. Furthermore, these early papers do not test for unit roots in the panel data, due to majority unit root tests being developed almost 20 years after these papers have been published. So, a possibility of some spurious results is present. In that way, policy makers in Croatia can observe positive practices. Again, panel data techniques are the most commonly used ones, due to having more data based upon cross section and time series standpoints. The inverted U shape is most common conclusion here as well. For Croatia, this could potentially be important for the empirical results in this research. Namely, if a positive relationship is found between the income and pollution emissions, this could mean that Croatia is still in the upward phase of the inverted U shape curve. Moreover, due to this country being relatively young with small number of data available, if a relationship is found, it could be a positive one as stated, due to this country being in the phase of restructuring and development. This means that if the analysis includes different stages of economic development, either by focusing on one country or on a panel dataset, the long-term relationship described in theory could be found. Moreover, when the short and long terms are both included in the analysis, the results sometimes conclude that there is no shortterm relationship (in both ways) between the GDP and pollution. Thus, the result in this study could be expected to go in that direction as well.
Analysis of previous studies resulted with couple of conclusions. Majority of authors focus on static panel models, by using fixed effects model. There is less research which uses dynamic models by adding lagged value of the pollutant variable in the model, which has both economic and econometric meaning. Economic interpretation is in Agras and Chapman (1999) and Auffhammer et al. (2001) , where authors claim that income does not have instantaneous effects on pollution. It has rather lagged effects. Econometric meaning of including lagged values of the dependent variable as independent one is due to existence of autocorrelation in the model. Moreover, some of the studies do not test for stationarity of variables when using static or dynamic regression models, which could lead to spurious regression problems. Stern (2004) has already warned about this problem in such studies.
Some papers extend the initial model by adding variables which can explain the specific reasons for pollution in some countries. For example, studies of countries in development add variables such as access to drinking water, phone lines supply and other basic measures of development. Countries in transition are observed by adding liberalization effects and other measures which those countries had to implement (see Archibald et al., 2009 
MATERIALS AND METHODS

Since
GDP to pollution
CO 2 -carbon dioxide, CO -carbon monoxide, SO 2 -sulphur dioxide, (S)PM 10 -(suspended) particulate matter micrograms, NO x -nitrogen oxide emission.
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Hausman test is used in order to compare estimations of fixed and random effects models: Detailed results are shown in Tables 10 and 11, where it can be seen that all of the variables seem to be stationary.
RESULTS AND DISCUSSION
Next, the following forms of the EKC relationship are observed: Breitung -Breitung (2000) unit root test, IPS -Im-Pesaran-Shin (2003), ADF and PP denote Fisher-type tests using ADF and PP tests (Maddala and Wu (1999) , Choi (2001) ). This table provides results of unit root testing for level series with included constant and trend in the test equation (upper panel) and for series in first differences with included only constant in test equation. Optimal lag was chosen based upon Schwartz information criteria (as being the strictest one).
(10)
where POL it denotes pollutant per capita for county i in year t, GDP it is GDP per capita of county i in year t and PR it is pressure as previous defined, for county i in year t. If value of β 1 is found positive in any of the observed models, there exists a positive relationship between economic development in Croatia and the pollution. However, an EKC curve exists if the value of β 2 is negative (inverted U-curve). Finally, if the value of β 3 is different from zero, a cubic relationship exists, which is interpreted as changes of the U-shaped relationship between development and pollution. The fixed effects model was estimated for each pollutant for (9), (10) and (11) and F and Chi-square test
were performed in order to compare fixed effects models to the pooled regression.
The results (test values) are shown in Table 12 , where it can be seen that fixed effects are suitable for all pollutants in each model except for period effects for models where CO and PM 10 are the pollutants. and (12) Original scientific paper DOI: /10.5513/JCEA01/20.2.2131 Škrinjarić: Environmental Kuznets Curve in Croatia: panel data approach with Croatian counties... (2003), ADF and PP denote Fisher-type tests using ADF and PP tests (Maddala and Wu (1999) , Choi (2001) ). This table provides results of unit root testing for level series with included constant in the test equation (upper panel) and for series in first differences with no deterministic variables included in test equation. Optimal lag was chosen based upon Schwartz information criteria (as being the strictest one). Table 12 . Results of comparison of fixed effects model to the pooled regression for models (9), (10) and (11) Test/pollutant (10) and (11) for all pollutants except CO; and no random effects were found in period specification of the model. Thus, the majority of the estimated models will be with the assumption of fixed effects because the estimators will be consistent. This is in line with previously stated facts of social and economic However, the value of is positive for all pollutants with exception of CO, which means that increase in GDP per capital leads to increase of the pollution. This is in line with results in Jošić et al. (2016) . The negative coefficient for CO pollutant model (9) and it is in line with Mor and Jindal (2012) .
However, the results should be taken with some caution, due to small sample (regarding both N and T), due to unit root tests being valid asymptotically. Thus, all of the variables were differenced in order to dispose of any nonstationarity which could not have been detected in unit root testing. Next, models in Table 14 were re-estimated with differenced data and the results are shown in Table   15 . It can be seen that now even more variables become insignificant. Only results for model (10) confirm that SO 2 could have the inverted U shape (EKC hypothesis) or the Table 14 . Results of estimation of models (9), (10) and (11) Table   16 . It can be seen that the binary variable is significant for all pollutants except CO. Its value is negative, which means that the Croatia's accession to EU had a negative impact on pollution, i.e. pollution has diminished in the last several years. The impact was the greatest for the SO 2 pollutant.
Results in Table 16 have been re-estimated with differenced variables as well, with the results shown in Table 17 . Now, every variable becomes insignificant in all models for all pollutants. Thus, by observing data in differences, which could be interpreted as short-term analysis, no significant results were found. Moreover, due to having a small number of yearly data available for this study, the results should be observed with caution.
(13) and (14) Original scientific paper DOI: /10.5513/JCEA01/20.2.2131 Škrinjarić: Environmental Kuznets Curve in Croatia: panel data approach with Croatian counties... GDP → POL denotes causality test where GDP is cause and pollution is consequence. POL → GDP denotes test where pollution is cause and GDP is consequence. *, ** and *** denote statistical significance on 10%, 5% and 1%. Dumitrescu-Hurlin (2012) test was tested up to only lag 1 due to insufficient number of data for lag 2. 
